Context: Juvenile hormone and insulin prolongs the larval duration in mulberry silkworm thereby extending the feeding period which results in an increase in cocoon weight and cocoon shell weight. The larval treatment with Juvenile Hormone analogue could be utilized to increase silk production.
Introduction
It was first reported by Akai and Kobayashi (1971) that the administration of juvenile hormone (JH) prolongs the larval duration and results in a significant increase in cocoon weight and cocoon shell weight in Bombyx mori (L). Since several investigators have shown that the treatment with JH-analogues including Manta increased the larval duration (Akai et al. 1973 , Kobari and Akai 1978 , Shigematsu 1978 , Shibukawa and Akai 1981 , Washida 1984 larval weight (Shigematsu et al. 1979 , Krishnaswamy et al. 1981 , Silkgland weight and its proteins, amino acids and nucleic acid content (Shigematsu 1978 , Wu et al. 1978 , Chen et al. 1982 , cocoon weight and cocoon shell weight (Amori et al. 1977 , Kobasri and Akai 1978 , Krishnaswamy et al. 1981 , Akai et al. 1985 and egg productivity (Kimura et al. 1986 ) in different races of Japanese silkworms. Occurrence of insulin like peptides has been reported and it is suggested that the vertebrate insulin may stimulate growth, lipid mobilization, sugar uptake and cellular internalization in insects and other invertebrates (Kramer 1983) . Recent studies have shown that the treatment with insulin improves the pre-cocooning and some of the post cocooning parameters of the silkworm (Magdum and Hooli 1989) . These reports suggest that the economic parameters of the silkworm are improved after treatment with JH-analogues or insulin.
However, there are no reports on the effect of JH-analogues when applied in combination with insulin or other hormones on the economic parameters of silkworms. Therefore in the present study was undertaken to find out the effect of repeated applications with Manta followed by insulin on the economic parameters of the polyvoltine breed of B. mori.
Materials and Methods
The disease free layings of polyvoltine race (PM x CSR2) of silkworm, B. mori were procured through Agriculture Development Trust, Baramati, Pune, India. They were processed for incubation (black boxing), brushing and rearing as per standard method of silkworm rearing (Krishnaswamy 1978) . After second moult, the larvae of third instar were divided into five groups, each with 100 larvae. The manta and insulin were procured through Himalaya Drug Company, Bangalore.
Manta stock solution was prepared (4 µg/ml) with acetone. Aqueous solution of insulin (4 IU/ml) was also prepared. The acetone solution of manta was used for topical application to third and fourth instar larvae at 36 hours after second and third moult at the rate of 8 ml solution application to the group of 100 larvae through hand sprayer. For insulin treatment 100 g fresh mulberry leaves were soaked in 300 ml of aqueous solution of insulin for half an hour. The first feeding after treating the larvae with manta consisted of insulin treated leaves (100 g for the group of 100 larvae).
Thus the first group of larvae received only two topical applications manta and two insulin treated feedings. The second group of larvae received only two topical applications manta. Third group of larvae received two feedings of insulin treated mulberry leaves. The fourth and fifth groups of larvae served solvent treated and untreated control groups respectively. Other feedings and rearing schedule was as usual.
The record of daily larval weight was maintained. For silkglands, ten larvae from each group of fifth instar were selected at random on fifth day. They were anaesthetized with chloroform soaked cotton pad; dissected in insect ringer; both the salivary glands from individual larvae were separated, taken outside and weighed accurately. Larval weight and weight of silk glands were used for estimation of tissue somatic index. Remaining larvae of each group were processed for further rearing, moulting mature larvae for spinning and harvesting the cocoons. The pre cocooning parameters such as larval duration, larval weight, silkgland weight and the post cocooning parameters such as female and male cocoon weights and their shell weights and shell ratio were calculated. Each mean value is the average reading from ten worms, two from each replication. The larval duration and larval weight was taken at the end of the last larval instar. The silkgland weight was taken just before the commencement of spinning activity at the end of the last larval instar.
The data collected were subjected to one way analysis of variance test to find out of the significance between the corresponding parameters of the treated groups and the untreated controls. The percent value for cocooning percentage, moth emergence percentages and female and male cocoon shell ratio was transformed into sine angular values for statistical analysis. The percent index value was calculated for each parameter of experimental groups over the corresponding parameters on untreated controls.
Results
Larval duration, larval weight, silkgland weight, tissue somatic index and cocoon characters of B. mori L. in treated and control groups are presented in Tables 1 and 2 . The results indicate the larval duration and larval weight significantly increased after treatment with manta or manta followed by insulin treatments. The treatment with insulin has increased the larval duration non significant but increased the larval weight significantly which is suggested to be due to the growth stimulating effect of insulin of the larvae. The silkglands weight significantly increased with treatment of manta followed by insulin and also after treatment with manta or insulin. Tissue somatic index also shows the similar results (Table 1) .
The female cocoon weights and their shell weights also increased significantly after treatment with manta followed by insulin and also after treatment with insulin except for the male cocoon weight treatment within insulin. The results of the present study suggest that the treatment with manta followed by insulin yields heavier cocoons and cocoon shells in both the sexes than those obtained after treatment with manta or insulin ( Table 2 ). There was no significant difference in the parameters of the distilled water treated control when compared with the corresponding parameters of the untreated control. 
Discussion
The treatment with manta has been reported to increase the larval duration thereby extending the feeding period which results in increased larval weight (Kobari and Akai 1978 , Washida 1984 , Magdum and Hooli 1989 . Similar results are reported after treatment with JH or JH-analogues in Japanese races of silkworms (Akai and Kobayashi 1971 , Akai et al. 1973 , Shigematsu 1978 , Shigematsu et al. 1979 . The increase in silkgland weight after treatment with manta or manta followed by insulin might be due to increased synthetic activity of the silkglands, since the treatment with JH or JH-analogue reported to increase the silk protein synthesis, replication of DNA and accumulation of RNA in silkgland (Akai et al. 1971 , Amori et al. 1977 , Chen et al. 1982 . The increase in silkgland weight after treatment with insulin might be due to the stimulatory effect of insulin on the synthetic activity of silkgland as suggested by Kramer (1983) .
Conclusion
From the present study, it is evident that there is 35.99 percent increase in cocoon shell weight (average of both sexes) after treatment with manta followed by insulin. Hence it is suggested that the treatment with Manta followed by insulin may be utilized to increase silk production.
